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Measure Description

Background I nformation

Prescriptive requirermeate &dddedomp dToet Itehed Mms

201c3ode .Chyhdclmede change propdsabkesi arieagersi pti ve
requi r eemsemmesd,l as adding new prescriptive and
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in California with indoadtoyheesigdubésty ptaaod
guidelines where applicable.

This code change propofabBubmebsdesgst h®8atahgrow
information is ssumeas uzedbélboweach

l.lncreased TermpersditodbrdeEconomi zer s
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containment, and cooling equipment.

Requirements for existing |caamyelctyea n greorocmresp two u
for minor modifi damnvonumdvied Excep24pnPart 6,
Tk addition of codewduwulndyummote iimt rloddiuclg bnew r
computer rooms but would serve to add clarit
computer rooms in new buil di ngcso npnudt emh ircocho mse
i n addintdilares.ati ons

Title 28&ctPiacn ®40r @8eglyres computer room co
to proviedeoMama® BBAF-bdiaym 80 AF-bwdatmd bef aivl

I1According to Title 24, aParotonbt ,wha s&o npprutnearr yRd oumm citsi on i
equi pment and that has a design equi?qmelrbt wid vwer/ mdensi t )
conditioned fl oor area.

2A typical computer room -$§6r k®Wregacpmeatdesbdnpdr foack,
computer rooms typically designed for closer to 5 kW pi
desigmed W each.
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water ecoantblnfF zimigm8AF Wwet b an.d Bled ow

temperature thresholds are relatively | ow, i
temperatur®®FJiarbend4, Part 6, Section 140.9
contai nment for | aHogwee vceormp uateenrt crboacsnasb.e cmo me m.
common practice for cogmprundertheo@o@addcade oy
comput ey armeomcommonly being designed at high
of containment and in accordance wiathngmeric
and-Coinfdi ti oni nGui(l ASHRA&ES$ f or Data Processin

( ASHRAE .2®db@asing the outdoor temperature t
and rienggoint ai nmentc dmputsaga ltleecand@adc mma supply
temper al @ F eo o fvwhoiugbhdeorvi de significant energy ¢
with ASHRAE guindebéepwyacandes.

.Computer Room Heat Recovery

Computer r ooomsh ptreogtyicceur s a day, s ée.veWheamys
a computer room is | ocated in a facility tha
frarmheomputer room can provide heatiswhgi fer th
al so reducing the cool irnogom ocaodo IWhn dt dsensettoenmp.au tt
industry standard practice, computer room he
savings opportuni ticeoanpfudrerb uiolodinsn gasr ewiceorld o c
spaces with signiTheadt athewlitadanyCiAs®Eddesf.i ni ng
computer room &seat nreecchoawmercyal system that tra
computer room r eteashnhreaadtri ntgo tpor oovtihdeer .zones |
Examples of heat recovempudyst emom meltwde ai
di r etcatilry systems providing heas8bngcehent wate
source heat pumps providing sanmualrtiaanbeloeu s h e a
refrigerant fheat sysetewmsr with

Thissibmeasur e apmdapprgessecsrrigti irveehemt S omputer roor
new buitlodiimgd ude hteldduirl@lasmgeopmpbéter room

coolliThneEg desiaggidd lde&ddghi ngx dewadli ng certain thr.
based on claindatae mamnenum annual number hours

Uninterrupti bl eURPREWETr cSwemrlyy (

This submeasure proposes adding mini mum UPS
requirements and testing requi Vemeghofsogr2based
ACout pPp@S units used in computer rooms. The m
efficiency takes into account UPS efficiency
factor s.

Nearl ycemputyeusesesom UPS ctom sbramkiugpe power and/
power quality maragemerrntecthmoilmfglys (I T) equi pl
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unregul ated equi pment , UPSs vary |jn efficien

operati nagn dnoldoea,d f actor. ENERGY STA®&ngrovide
testandards for sdBS daerdd foaer WCa lvief osringina ftioc aanc
statewide energy savings due to the | arge vo

.Power Usage Eff edtoinndgmeas ng( PUE)

PUE is a common metric tdoevadalada at dMeasa@amrgyngef
PUE provides data centew epéryantemiamap U teeerd braacdkm
i's performingtancaeniemdpyctaetaatsimmgds Measuring PU
can also indicate degradations to data cente
operation. mak emWbmand i todheindagt eryo give data ce
operators information they c arnf carcrha nocne tion ntah
data center afTtheirs csounbsnmerauscutrieo np.r oposes addin
monitoring requirements for | arge computer r

Proposed Codke Change

Thips oposed coadpep Icihbeceswgieoonsc ompguti em mwhom$hh i ncl u

a

diegsgnnf or mati onl feqguh pewg¢y density greater th

defined in Title 24, Part 6

1

I ncreased Temperature Threshold for Economi z

This ggrdogdangep dcvatué dr e guSercetthdoint & ( am t he
foll owing changes

T For computer roomsicirerasewmbuwmi mdimngat dioor t
for full ®toco6bMEtdnyr -BBWIAF fwert any type of
currenthiyedhel ds -aulem BB AF-bwdfyore@adomomi zer s
and AFOHbulam@85AF-bwdth for wat eMmeg&cepibsnoner s
includedl |l ow new beuxilsHidroggo nti @ emedtemper at ur
requirements asilmpngmentt heyhalrsefficiency
cont ai nmeonotl,i nagn de.qci ie p meencroenmotmi zer temper atu
requirements umathladi gwedmpubher rooms in exist

1T Decrease the computer room minimum size th
contai nment derocon nlOKkS\plmwoolnTEsdegn. | oad

This proposedaddanageewosubsectl(dn asorSecti or
economi zing regubt emgntsenphoitse rworuodlodmsnot i ntr
requirements for comput earddr oco nasr ibtuyt two uw hd cshe
requirements apply to compmud ewhirol msedqui memwe
applyommut er ardodointsi oomss/ aTh e il &dedqouni r e med dt s wo
match 2019 HaRdcetblidon. 9(a) computer room out dc
temperature55AF-bahyp /| 86AHA bweftor air economi ze
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drtyul b/ 35AR bweftor wat pandeictome mseaxmee pasons
2019 Z4tlRart 6, Sfeocrt icoenr tladiOn. 9c(ocamput er r oo ms
buil dings

2.Computer Room HeTahi sRepxroovpeasyed change woul d a
requi rieSmeatti on tlod Or. Oq uai)e ®o he@myt compui Brnewoms
buil dnered svingh a t ot al | TE design | oad and heses
combi navalolné f e danbde Iwiwt h an annual heating |
hours per year

o Fo€l i maatnreels, 32, 4, 5, 1lantdat2gt &l3,] TIEA,desi gn
excee220i0ny adasihgmti ng | oad, 006 B0@® harhan
tot al | TE edkecseie®diOnlyo adheds ihgrat i ng | oad great
2,090, Ba ./ hr

o FoOCl i mAotrees 6, 701 8 ,0t%,] 1UOTE edeeeseid@ddg oad
kW achasihgmti ng | oad goeBeé@d htr han

3.UPS Ef fiTchiesncpyr oposedaddpmage®c wiepgiuidweme nt
Sectlidon BOUP)Sser vi ng comph@em®lni@amaomiusm ted f i ci en ¢
mat c lEEINERGY SV/TeAR i cerf fd.cd encyr eaoqqudi rteemse n tnsg

4 Power Usage Effedtoinnagmnd@bhpygOPUOEerdwobbhdgadd
apr escirriepgtuii weeemttlidon. Poa) compuerceedomg 2,00
kW TE desitgpavwp owasage effectiveness (PUE) mo

Scope of Code Change Proposal

summari zes the scope of the propbaedactdanges
Reference Appendices, MAl h(eAOM)t | Rieef eQael accudl aM a nouna
compl i ance tdhoacouwurbeentmeo di fi ed as a resu(s$) of the
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Tablssummari zes the scope of the proposed chanc
st andaRedfse,r ence Appendices, MAl h(eAdOM)t | Rrveef eCael nccuel
Manuahd compl i ancteh adaudwEemenotds fi ed as a result

change
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Tabl:e Scope of Code Change Proposal

MeasureType of Modi fi Modi fi WoulCbmpliance Modified Compl
Name RequireSectioTitl,e Be Modified Documges}

of TitPart 6

Part 6Appendi

|l ncreasPrescri 140.9(No Ye ACM . 7.SA.pdl y NRCPREE

Temper a 141. 1¢( Temperature Cor(Table M,: col 1

Thr esho (new) Supply Air TemgEconomi zer Cor

Economi Met Hod

ComputePrescri 140. 9( No YeiACM. 7. 6. 6 CoNRCELPRCE

Room He Room HecaaveRry C(Update to Tab

Recover Option B5.(néw)y,appl i Campet er
Computer Room Fstandar dsa dietcit
Recovery Coil (to Table M)

UPS Prescri 140a9( No Ye sACM. 4. 6 ReceNRCEPRGE

Efficie Loads, ReceptacUpdate to Tab

Standar d Ddepspiegirappl i cabl e Cor
5.4A for ConrpPuStst andar ds adsdeictt
to Table M)
PUE Mandatol20.6( NA7.119 No NRCPR&E(Updat e
Moni tor (new) Tabl e C applic
Room standar d:¢
addition to T
NRCRRE W (new

<
\
J
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Mar ket AamadyRegul atory Assessment

This proposal updates existing Ti tcloemp2udt,erPart
rooenconomi zers and air containment to i mprove
gui delines for computer rooms, align with des
propal adds new requirements to Title 24, Par

ENERGY STAR Program WRegseEl rgmbnt st yo€( Et ePi a V
Agency ,20b9) efficiency and t esttiemrg rroeogm ihreeame n
recovePWYEaMdnittoorailngn with design best practi

This proposal regqulil diesgtmechasrisg&lt eand el ect r |
technol ogies that are wiaddal wyfdwaieldalblye ao m utmibe
manfuact urmeprlsementi ng these rcagei bgmehesmeefant
el ectrical engineeriagddkugigagmn ptimeamsthatseameedtt
propoesfefd ci ency useigngpmr emmtehhdets ar € oanlmmoaeady desi g

CosBHf fceg i veness

A summary of energy savings and peak demand r
Tab2feor new construction.

Tab®e Summar ymift Pemrer gy Savings Results by Su

Annual EI Amual N:¢Peak De
Energy S Gas En Reduct
Submeasur e (kWh/yr Savngs (¢t (kwer
Equi pnieonat per EQUi pn Equi pn
k W) Load Load)
I ncreased Ter
Threshold for 16-25 0 0.
Economi zer
Computer RooOT
Recovery (2 2)41 2)4 281 0.
UPEfficiency 5369 0 0.
PUE Monitorir 8-12 0 0.

The proposed code chaomgtf easi veuhdr tal becl i ma"
i's prophoeserdeqgqui redtacodB/IC&Nied c o nbpeanresdst dtshte
savithg st heoveeas ttyseearl o er i o dProo p casnead hyesa tgsé a t
have8/&ati o of larCeoaertf fgercetaitveer. HB/heeatl iao ,getrhd hfeas
the measure pays fooastavisredd. from energy
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TabB88enetfddast Rati o Results Summary

Measure Name B/ C Rati oNotes

I ncreased Tenml.-5nfinitB/ C ratio depeil
Threshol d f osr system type ant
Computer Rooml.-A5 B/ C rati o degleil
Recovery system type ani
UPS Efficiencl.-28 B/ C ratio depel

system type ani¢
PUE Monitorinl.-Q. 6 B/ C ratio depel

system type ani

Se&ect oBds4.,4 abnddit he met hodol ogphdasesmptisonms
coeff fectiveness analysis

Statewide EneEgegrWampamds GreenhdusHEgG Gas
Emi ssslonpact s

Tabd4presehesest i maadredi cceireaapgayct s of t he propose
chantghewoub e reali zed sttlad didinadettidsani ndie 2022 Ti
24, Part 6 requi rFeimesmtdrs atra®t ewi ¢¢d fecer gy | mp a
represkeynhedf oméowil@g t ri ciitny gsiapvawnagsst per year
( GWh /pyeadk edlecademand irne dneqgtaiweamtas uf MW) gas savi
million theWMVWViBEhelemns yeaadegendmamd tt dtTiD@mer gy
saviinigisl o Briti spert h@godkaBlt(uuOmiet)skeBgtuual s 1 t housa
British therdafeutsd,§.,% B5 win.dSor mor endethai | s
fi-yeadr stat ewiadec uibmptdedidtes St at ewi. Ref €rAStEo TA@mme n
A for more detail on the statewide energy sav
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Tab#4€i rYeta®t at emndylmmpact s

Measur e El ect 1 Pea Nat u TDV
Savir El ect Gas Ener
( GWh / Demar SavirSavir

Reduct (MMTheit (mil |

( MW sl y TD\
kBt u/
l ncreased Temp 21! 27 0 5, 7
Threshold for
(Total)
New Construct. 21! 27 0 5, 7
Additions and 0 0 0 0
Computer RooOm 29 0 6 82
Recovery (Tot a
New Construct. 29 0 6 8 2
Additions and 0 0 0 0
UPS Efficiency 13 4, ¢ 0 3,7
New Construct. 23 08 0 6 3!
Additions and 11. 3. 0 3,1
PUE Monit Dot alg 7. ¢ 2 . 0 221
Newonstruction 1. 06 0 53
Addi tainadn sAl t er ¢ 6 . 2. 0 17

Tab3presents the e GtHiIGMEAIt 94 sasvaociidactda@ wir olpo s e d
code chandgéhet hpbar st andar davai edeidn GHIGf eei s s i
are measmerterdi ci etacmo nofdi oxi(het eg €iOR)@.hent
Assumptions used in developing the2 GBS a&vi ng
4 . 55 25an2ZdppendoitxhiCs MaBpombnetary value of avoi
emi ssions is included in TDV casst factors and
ef fect avaelnyesiss .

2Q2ZTitl e 2F) nBRASH ReipRdAr2NRHV A GH|3



Tabbe FiYeatr St aGHGmMmMdesi ons | mpacts

Measur e Avoi ded Monetary V
Emi ssi o Avoi ded C
Metric Emi ssi on
CO2el yr ($2023)
|l ncreased Temperatur 51, ¢ $5, 48¢
Economi zer s
Computer Room Heat F 28, ¢ $3,01¢
UPS Efficiency 32, ¢ $3, 49(
PUE Monitoring 1,09 $202,
Tot al 114, $12, 18

Water and Water Quality | mpacts

Wat er stalvatngtshe pr op o swodu hcaovdee dcuhrai nnggetsthlraeg f i r st
they arearien perfddecrtbeetl oing wi th the associated ¢
el ectricity saw2.n53s3543§e 2Badootf83 arhi 5Sowad por t
gual ity i mpnaectthso daonldo gtyh euvsaetdeatvo andgyesr waeer qual it
i mpactTshe met hodol ogy) mbsad etdo ed &elcaduliatiga y i n w;
i Appendi x B

Tab6:e FiYeatr Water and EmbeddedejEel et of cl TE Des
Loa

Submeasur e onSi te | onsSi t Embedd
Water Sé¢ OQutdoor Electricit
(gallo Savir ( kK Wh/
(gal | @1
Il ncreased Ter 0 (3 1)C 11
Threshold for
Economi zer s
Computer RooOT 0 0 0
Recovery
UPS Efficienc 0 0 0
PUE Monitorir 0 0 0
a. For the increased temperature threshold for economizers
the i mpact C€ommparéemgusde propiompdctodmomhwmagedhi | |l er pl an
using air economizing, wadaben galelrnogsW roangelsE fdreosmm gin0d o ad
on climat €ompaeing the proposed c-o0delcobdpilgagstd ugmprmagtarmn
evaporative cooling tower water economizer compared to a

1, 0i00, 500 @eaIrl ks of | TE design | oad hkecepemsdiilng @ ecleinmatde
table represent amoresali mac¢ednamiezamgesystem types.
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Compliance and Enforcement

Overview of Compliance Process
Th8tat ewASIE Twamked with stakeholders to devel
compliance and enforcement process wonud dt o i de

havevami ous maimTket caempdbi ance process2i $. 8escr
3.1431. &5rd.Bnp actthsaehe proposevbuhaa®umoe mar ket
actors is AlppaendilthedEkiery i ssues related to comp
enforcement are summari zed bel ow:

1T Theomcr eaesmper athurees htohel if oerceoaved zer
temperssubbme amadieft emper atuementeguior econon
andomputer room despiegrnatsuorpepsew Buwhidichgs
does nott ceh amwgrer e ntp rcoccmepslisi.anfchd s submeasur e
reducecsonphuttTeer desapgohtgshold for when air
requ,i hedh apmpdw ecsornt rfukcitsi oins a proposed me
t@an existing requiremenal,r emaedcyh ahnai vcea It oc odnettr
the computer raddemei sizenteiqoimearmte nitf t he

mechanical desi gmimeet st etmpee reactqur &@n ad etqhuii $ e
effort is(tumecbh@amgtelde trigger VahAkuéwbtself
changes in the compliance pmeoccheasnsi cfaolr t hi s
designers must inclpdematrdcawtagemantd epe
for small er caonndp uneecrh arnoiocnasl desi ggheécé®d must
economi zer temperature requirements apply
T Theontputoeonhe arecoveuMeasureeguires mechanical
to detetrbmd nperdjfect meets thieh¢eat ggecsvdény
i nstal,l eidf armnedquiinrceldude t he heatthecpeemyt s\

design drawings Madhapecafmdasi ghewst he
computer room headcdoefefcioviee iyt syfstgenr f or manc

t h@eode requirement in the mechanical sched
powecomputer room heat recovery system anoi(
under desogfheomeichiani cal contractor and ¢
must 1 nstal/]l the system to meet the desigr

T ThePRfficsebmgasaegqei res el ectrical UPBgi nee
t hat meet s Phmitdniédm®2m ef fi ci eacg requudement
required informati odoouanmgaentcrhiutdicnogmpUPiSanc e
information on electiscaltaaedarpsmenbhytngeddl
mini mum efficiency requirement,s but not wuni
efficiency riemddirlmptdwali lisbl eSdme ma dnaintuif arca
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effort iselfeqitiome¢ ddafoo mmahdctasWRS It hat meet
the design .specification

T ThUHEoni t submg arseiqei res the electrical <cor
the elegbmecati ng system and dashboard in
specifi PHEi moni toérhiemgviise pl anned for the |
additional effort for code compliance is |
and electrical compil adeotcoueselnnté | ehgcowuit cal
contractor must al so compl eNtR&CARCRGONFE! i ance v

Field Ver i fAiccceetpitaamcaendlest i ng

Anew accept@NREARCEFtwoubd requir eéetRUB verify
Moni teysh®UWEBMoni t oequgres contractor field ver

el ectrical meters are installed in the correc
communicating with the dashboard; theéeéhatcept a
t he dashbrmfairgluned cpr ofect odRB8I4e3] .taON.dIf @Br
additional i nformati on.

The Statewide CASE Team ifgyialgs o ordeec d mmerudaigreg b
Sectsil@®,. and thad.dnakearheart computer room mecha
systems are subject to acceptance tests requi
nonresidential space types. Thpgsesirsemeat beitng
clari ftiocetxiien i ng requireme2di13, Datsad€snrctrebedod
change prBmpeismder.ing 2011)
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1l ntroducti on

This document presents recomdhalnidfear cioal eEmdragqy

Commi ssion will be conslidéfi yogumbeawteasl opti on i
suggespgriiomrs to the adamtfiooat,i tdle2alse aekmanioll der s
Comments will mot pudlnel eevyecw or wi | | be ano

1. 1ntroduction to Statewide CASE Team

The Codes and Standards Enhancement (CASE) 1in
t o s utplp@arlti fEonrenrigay Co insginegiggyn Copmesbsopbphnhs to up
t h@d i f &E&mreir@oyd(eTi t,| eP3rdd ii6ncl ude new requirement
existing requirement sThfroe€a Iviafro ouisa tlecheaotl @rg i @\
(Il OwPpcific Gas and El ectric Compaann8yo,utShaenr nDi e
Cal i forniantEw@usbodn cl y ©Owisleods UAnigleiltes Depart men
Water andnBo®wacramento Munidiepa&l nUtrielfietry edi ¢ to
StatewiBeTe&€aArS8 when incl udi hgp drmheo rGeANdf B iAiug hor )
program goal i's to prepare and suUbfmictt ip/reoposa
enhancemempeewer gy edridcerearcyy p&raflodf mamdea

buil di ngs. Tthhies croedpeo rcth aanngde pr o paorsea Ip aprte od n tt ehd
effort to devel opf tecthinvemes @anidnfcommalti iremefndrs
on buil dienfgf iecnieerngty desi gn practices and techno

The Statewide CASE Teaem psrwhpnoistasl sc adoe tchheanrEgner g
the state agency that has authority to adopt

Commi ssion will evalwuate proposals submitted
stakehol ders. The Energyr &€joenanti sgrn @amo snalys r eye &
Commi ssionds 2022 Title 24 website for inform

how to participatepsn/ thewpeoeesgagn-dca. gov/ prog
topi cs/ progamsedhfuiicsitlieanncdya r ¢bsi1/i 2-@lA dhrgdVf | Ci ency

The overal ICASEaRootpdssdastc ode pghampmagecad mpfuotre r
rooenf fi cTremepyort contains pparptpiondrretn giomfeo rcmatnig®@

When devel oping the code change proposal and
presented in this report, the Statewide CASE
stakeholders includingemamguf &atpunam@s a winltdcear
devel opers agnhdtlope2datenequoypmeat anedangdohers s

invol ved i n the ¢ odTeh pcroonppol siaaln cien cporropcoersast.es f e e
duriangublic stakehdwmladent hwo Sk ah ewi d eOCtA®SIEe ITe am
15 20T8am, Nonresidenti al HVAC Part 1: Data C
Sponsored Stakehol deranwvikaertcihn gl INDa2e082 02 0 1 9)
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mailto:info@title24stakeholders.com
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency
https://www.energy.ca.gov/programs-and-topics/programs/building-energy-efficiency-standards/2022-building-energy-efficiency

Nonresidential and Single Family HVAC Part 1:
Variable Capacity 2020)

1. PDocument Structure
ThiFsi "CGASE Reportitomurni qg¢waele c hange cpoanoppuotsearl rfooorm
efficiency. The specific recommendations for
Section 2 through 5 of this report.sThe overa
structured as foll ows:

T Sectl-ontr odpurcotviiodnes context fobaubmeagswed ey an

c
i ncl unctiasger e history and guwludtadroy aoomttextt ..
whet her the proposed measure overlaps or ¢
buil ding standards, such as fire, seismic,
whet her technical, compliance, or enforcea

Sectdidmcreased Tempersatbumreea sTulrree sdhealad | ed c

recommemdataind justifications.
Sect3iCromputer Room HseuabtmeRaescuorvee rdyet ai | ed ¢ o«
recommendations and justifications.
Sectdiddminterruptible Powers Shmppayur(dP&egt &if
code change recommefhidadti iomrss.and | ust
SecthidPower Usage Effect i vesnuebsnse a(stulds) | dMa ni t
code change recommendations and justificat
Sect@id®Pm opoRseevdi si oondskahQu &€@ @& c | tuddreespwir t h
specific recowimmend@debeasi onde¢r fadddt i ons)

| anguagest AodaRetfse,r AppendAlcteasrvat cul ati on
Met h(cAICRef er enc ecovhpn u amtnrceeahdompl i ance
document s

Sect@didBn bl i ograpdiynt as @ itrelteets t he St at ewi de CA

used when developing this report.
AppendStxatAewi de Savi npgrse sMentthso dtohleo gnyet hodol o
assumpusedsto calcul ate statewide energy i
AppendiEmbe&dded El ectricityprienséMattrt Met hodc
met hodol ogy anus e dcsau oogutlhesdk res termbceidtdya d
water(esge., electricity usedantheshrearvwg,y mov e,
savimgsul t irreg ufcreadmwat er use.

Appendi En@i ronmeMeahotmpaggats the met hodo
andssaumptions useéedphc G#Ha&Eomiud At @ns uasmed wat er
anduality

AppendCx!l iDf ornia Buil ding Energy Code Compl
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The
t hr

T

Speci fpraseehevant proposed changes to the
any) .
Appendlimpa&cCemplfi ance nPrivacreksegpr Asdiowst he
recommended compliancei pegmntmafsikeedc oattdor mmpac
Appendbumimary of Stakehadlodaeamebeedasd gn@men t
tengaagndol | alwort &t enar ket ac.tors and experts
AppendNxwGBui |l dings I ncreased Economizer Te¢
Excepdadaonri bes the energy tamal ysopossddex oe
to 140.9(a) 1.

AppendiiexatH Recov€pgt CEst | mpteviDeesi dast ai | s
estimated increment al i mpl ementation costs
prescriptive competewvergygomelhearement wusing
chiller.

Appendi-@odl ed Chiller with Evaporative Cool
Syst@ast EsDeitsgitlevi des details on the estin
i mpl ement atiuenngosnsefvaporative cooling to
with -anolaed chill eprbpedmeetctregstehdeeconomi

temperature threshol ds

AppendAixr JCont ai-Bimeadct iCoveanasho whAndlhesicost
effectivenessdbbirallyswies i ng the computer roo
air conwathmhment changes to economizer tempe
Appendi Noki nal TDV ®Rerstuditrss Tradrhiersaols tTDV e n ¢
savings for each submeasure.

following is a briocesfusrcmmadmnpgi of Selce i oost e
ofu gdhfr e pheer t

Measur e Depsrcorviipdteisona descripdi onhsobathegr me
This section also presents a detailed desc
accomplished in the various sections and d
Part 6 Standards.

Il n addt hMaornk éto Atnhail sy ssescd saadm evi ew of the cu
mar ket stiTlhhdtsursecti on describes the feasib
code change.

Energy Pawisreqd suntihte epneerr gy, demand reducti
cost savings associated with the proposed
describes the hmdE&E@hadewiodey QASSE Te amiemat e
unemner gy, rdeednuaciatdi b ne cedrsgayw i ng s .

Cost Corxtf f ect ipresesnnis s the materials and | al
i mpl ement the measaudie®namd d heuamtcirfeiment al

2Q2ZTitl e 2F) nBRASH ReipRdAr2NRHV A CGH|9



includes estimates of incremental mai nt ena
various periodic costs associated with rep
period of analysis.

1 Fi f¥Yysetar St atewpdeseémpactise statewide energy
environment al Il mpacts of the proposed code
2022 code takes effect. This includes the
by California building ownnecrse aasneds toern arnetdsu C
on material with emphasis placed on any ma
the state of California. Statewide water ¢
this section.

1. ont ext Rel evant to all Submeasur es

1. 3.Measure Overview

Thproposed codpptcdp ammgmepsu ttelra tr olbanse gai or mat i on
technology(éedfEdadeaver 20 Watts)perdeasfgiumade Hy.
Title 2andmaelcdtth new c,ardgtinu ainisoear anli ess

ot her wi s e nTohtperdo pbopsteeds c rsiupbtnievaesvworud s appear i n
Section adaMdew (saybdddt jlé¢dnprtiope@esed nPalnEdat or vy
moni toegqugrement wauhdwappb®ect nonAlllg@ 0af6.t he
prescripti veworuehgdwier easesmotcss at ed updates to the
No update to the compliance software I s requi
requirement .

These proposed code changes i nclOuddg baddiong nad
UPS, computer room heat recovery, and comput e
definitions.woAubnege va dsdeecdt iaosn Nonr esi denti al Appe
Computer Room Accewad ainadel ks tasn asmmadcept ance t es
monit.oring

TabTpresents a summary of threshold triggers &

Sl TE is a term adoptEmerf gy mSIASHRAIED 900 FEDamha |l Cedrtserc® mpu
data storage, servers, and net wo rwo/udbemmurdieaa ttioo rSeed u iom!
100. 1(hb).

“According to Titpetéed, RPamti 6§, daf iCoend as a room whose
el ectronic equipment and that has a desi gh2&fui pment p:
watt’s/onf conditioned floor area.

2Q2ZTitl e 2F) nGBASHE ReipRdAr2NRHV ACH|1 0



TabV:e Wher e

Subme

cre
mp e
res
ono

m-——
O S M® S

Co
Ro
Re

mp u
om
cCov

UPS

Effic

PUE
Moni t

as
ra
h o
mi

i e

or

Proposed Compumnes

RppmyRequir eme

as Where Requirements Apply Exceptions

l1.Computeri gxiosntsi ng bui |
2.Buildings where the | ¢
not allow cooling towe
3.Computer rooms with de
than 20 tons served by

Computer rooms in new buil 140.9(a) for more det ¢

over 20 W/ ft 4 Computer rooms with de
greater than @nht3dc dMheart
25AF supply and returr
di ffereand adool i ngatqu
percent or more effici
efficiency

For nueiw db @ g smZotrees 1, 2, 3

13, 14, or 16 with a total

kW and with a design heat:.i

4,000,000 BtU/hOiJmaatneEbS“]l",l.Heating systemt hafs gere

4, o5, 11, 12, 13, 14, or (COP) of at | east 4.0

exceedddgkW and with a des2 Combuter rooms in e;<i<

greater than 2, &d00d,dd @G sBaditt ™~ - P 7

Zones 6, 7, 8, 9, 10, or 1

exceeding 300 kW and with

greater than 5,000, 000 Bt:I

igomupt“;uetr Leoms with 1TTE deypgs Gt 21i5nRy -ANSERBAI nip u |

1.Atleast 2,000 kW computer

and
2.At |l east 80 percent of DbN/A
serves computer rooms; a
3.Computer room uses UPS
2Q22ZTi tl e 2] nGBASHE ReiADr2NPRHVACH|11



The Statewide CASE Team is also recommending
froommmguter room prescriptive requirements in
California's Office of Statewi(de&HHEg!| tam dP lvaarmrrn
heal thcare stakehol der s.

During the second stakehol der predaktdatoil drraen
requested that the definitions for Acomputer

2 4, Part 6, to match ASHRAE 90.4 definitions,
Acomputer roomod and fAdata center 0 nby Tdce fl iomidn g
ess than or equal to 10 kW and by defining d
han 10 kW. The reakWndébrnedawviog ité&ikBed@use

overs computer rooms up to 10 kW and ASHRAE

han 10 kW. However, Title 24 covers computer
SHRAE 90.1 definition of computer room, whic
o0 house equipment for the processing and sto

— —

c

t

A

t

desni gl ectronic data equi pment 2pfowean dietnisaned e
areaf. Fur tARSeHrRWoEr 9 0. 4 defines a fAdata centero
that houses computer rooms with an I TE | oad g
def ifindeast a center o as a building type only.

The Statewide CASE Team i s not proposing to c
Acomputer roomo to match ASHRAE 90.4 because
necessary for any of the tprngp dsheed es udberhd and u ri eosn
unnecessary confusion by stakeholders trying
Additionally, changing the definition of dAdat
potenti al i mplications for hoewd®Biftilne d2 4 who mphl
cause unnecessary complication to update the
Se

e Sea.tdforr his report for the proposed code |

1. 3.MasWtHiestory

Prescriptive requirements for compftioert heoms
201c3ode clydlle. 2de q Pianse mé@®mrt c o mplhud veeg motomse en
Ssubst ampdatedg since that ti me.

Since c20mMndg o mput ecopbedintgi estayat egi es have progr
beyotnhde mi nequmr ement,® PadftE iéci ent computer ro0oO0
havecome | ess expensive as they lhadée hlrecome n
i ndustry hgauvied esluirnpeass,s eRlaStTa nd areddf.or mance moni t
of computer rooms has become more common prac
monitoring and power monitoring.

2Q2ZTitl e 2F) nBASHE ReipRdr2NRHV ACH|1 2



Whidemputer room el ectricias ansowarsce uacft usieg rif f
savings ,paortteinctulaar |l y for uninterTuplteb24¢, pPaver
curreoeksyddressmputer roemue lpenethi icaredn ctyr eat s al
compmurtoeom el ectri cal equi pmeACtala sf oam iuan rEengeur I gayt
Commi ssi onntPeaatbé stc Energy Research (Pl ER) Progt
potenti all. 402f tOholaljwayear ener gy savings potenti
mi ni mum UPS €eEfiBPiebawesnce Berkeley National
Utidndrygy efficiency pr99gviamgs shhy hDasi ®Pro&&Emd C
Ret rhoafviet al so set mini mum UPS efficiency stand
i nstal(lTaatyiloonrs Engi.neering 2016)

Thgoal of thceodpch @ap@as e di s tcoo npeuttteeerf fabloingem c y
requirements in California with industry desi
standards and guidelines where applicabl e.

1. 3.R2gul at or yf oQo natlelx tSub measur es

1.3.3.1 Existing Requirements in the California Energy Code

Title 24, Part 6 first began regulating compu
on cooling system efficiency, particularly fa
Title 24, Part 6, B801lPel acvhntdesegber eméehowi

T Section 140. U(lcdoMp uteegeud ocesmifzi ng at outdoor
temper at ur e sb udafim B505AF~bwiddatlp d bfedowai r economi:
or at outdoor t e mpbeurladnt8usrAeFs-bwoditm ¢ 0 AfEd d wy
wateaconomi zfears computer rooms pursuing pres

T Section 140.9(a)6 requires air containment
kW per room I TE design | oad and pursuing p

T Section 130.5(a) has nmnagndraetqouriyr eenheencttsr ifcoarl e
|l oads of wvarious size threshol ds.

T Section 120.6(b)4A has a mandatory require
with cooling |l oads greater than 150, 000 Bt
demonstrates precedenverty frergua recovheradad rper ¢

T Section 120.dmputaegresr adhm@mt( ot printing) sp:
1 designation -Aiéwi nTrarulme Vlexnt.ill ati on Rates,
computer room air may be transferred to an

There are no relevant existing requirements i

2Q2ZTitl e 2F) nGBASHE ReipRdr2NRHV ACH|1 3



1.3.3.2 Relationship to Requirements in Other Parts of the California Building
Code

Appendi SuBtainabllee P2@t9®i Calsi odrmi a Mechanica
provi dabnadtdress energygmpetréor mMmaomme appendi x |

provided for reference, but provisions in App
California or in anyES ®%iadhc |juwde ss dprcetsicorni.p tSievcet
for economBxrepkajpthk8peci fy when economizer r e
to comput.erThreoomeschanical code requires | ess s
economi zer requirements forTicompu2éyr Paoms6th
requirement e proposed code changes by all owi
economi zers 8eetrequiEs®2®3 s8 amr alternative com
gives credit to computer rooms with modeled P
defined by ASHRAE 90.1. 1t is not anticipated
requirement wunder TitlAgppZxh,diBarkEt ré qwd uledneinmpa
Appendi x E is not a requirement anywhere in C
apply to design and not building operation.

The 2019 California Electrical Code includes

section 64Bolldeuirements for UPS efficiency.
Standards (Title 20) section 1605.3(w)(4) 1inc
systems to consume no mewaet ttsh ainn Oma8i ntt eOn. aOn0c2el n
Ebi s t he b aittty riyno evagstatc

The 2019 California Electrical Code includes
meters, which would be applicable to PUE moni
230.94 Exception 5, 250.142(B), 250.174. 250.

There are no relevant requirements in other p
computer room heat recovery.

1.3.3.3 Relationship to Local, State, or Federal Laws

There are no relevant |l ocal, state, or federa
thresholed omf@mi zers or computer room heat reco

UPS Effi@n enanyuary 10, 2020, the United States
( DOE) passed a Final Rul e essttaanbd a isdsiunfgo unii ni mu
UPSs usingl5SNFEMAS A5 i npuyt BPpe dgrsalb Regul ati on Cod
Part (©O80i ce of Energy Effi ci enlchye acnidt eRde nFeiwaabll
document describes the fudflf dcectcihmercaeads araalkyedi
feder al emdceguiarppgprhy t o UPSs manufactured on and

feder al requirements cover UPS products that
used in residential and s malel saomamrmerrc it alanagmlo
typically usedoiomscompmet ¢ eder al reqgui rements
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efficiencies for UPSs in three size categorie
bet ween 300 W and 700 W. As nb3iRda-ti®hP Sphleudgrs na
are capable of A aandd i1Ing5 u\p, twhilcbh gi ves t hem &
1,875 W. This means an 1,875 W UPS is effecti
the feder al UPS requirement. UPSs used in com
centralized systemsssamvdi ugemd@B8Yy &ewov 208 V.
overlap with the federal UPS standard, the St
exception from the proposed Title 24 minimum
that uselB®EMASPS5i nput plugs.

PUE Moni Datiangenters are required to report a
Energy Commi ssiond6s Building(EE&BE€r g9 ubhgreah mar k

California Assembly Bill 802. Howewero, ttshanBel
energy use per square foot for all buil di ngs.
metric for computer rooms/ data centers since

on the installed I T equi pmernti rlicmagd ,d art at ftceernttehr
have the monitoring infrastructure under Tit/l
more easily report PUE to the Building Energy
were to decide to incorporate PUE.

1.3.3.4 Relationship to Industry Standards

ASHRAE Standard 90.1 defines Acomputer roomo
to house equipment for the processing and sto
design electronic data equi pment poweocordensi:t
ar e@MSHRAE, Standard 90.1 Energy SRiasnadard f or
Residential BuiTidileg420P@yt 6 follows this

d
ASHRAE 90.1 2019 section 6.5.1.2.1 inaoabudes e
and defines outdoor economizing temperature r
temperature requirements are | ess stringent t
requirements.

ASHRAE 90.1 2019 section 6.5.1.11 provides an
economigz where the | ocal water authority does
Statewide CASE Team is proposing to include t
temperature threshold requirements.

The proposed UPS efficiency submeasure matche
RequirementsElfigri bURSsty Criteria Version 2.0,
requirements. ASHRAE Standard 90. 4 ASHhReArEgy St
Energy Standard fon nBdtualeGd HtR8Srye r 20@uG )r e ment s.
Washington State recently adopted ASHRAE 90. 4
effect for data centers in July 2020.
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The I nternational El ectrotechnical Commi ssi on
standard und8r THB&L&s®&&0d40i s anticipated to be |
2020.

There are no relevant industry standards for
monitoring.

The 2019 California Building h@add heaatei drechzd
equi pmenasdaempiaer that i s not used for any pur
data storage, processing, and omempwotred snrga om T h
defined in Title 24, Part 6.

1. Mar ket ARallgwvamsAl It Submeasures

1. 4 Mlar ket Structur e

Thé&tatewi de QAeSHeolmenramar ket analysis with the g
current technology availability, culrtr etnhtenpr od
consedioew t he pr oporsagydmpsatcatn dtabreglemearrlkadt aisn wel |

i nduali dmar k.éetnf@aectmants on was gathered about the
complying with t heEspriompadseesd ome ansaurkee.t si ze and
appliocweebrietl entyi fi ed through research naddidouwmtgr e
utility pEogrgwm €bmfmmi ssion staff, and a wide
addition to conducting persehbhedzr8dabewr dacGA
Team di scussed the current market stmpwdbtiturce a
st akehol detr h anteSetttaiteegvi d e ChAeSEIOTotnamer 2 Q58 a m,
Nonresidenti al HVAC Part 1: Da$Smorezarteds, Boi
Stakehol der Meetainng Mdotcdéhs 128 aB®)P02Norfresidenti a
Single Family HVAC Part 1: Data Centers, Boil
202)0)

1. 4.TZ2chnical AVeaa skbelda il I admd i Cyrrent Practic

Title 2def Paemp &toorm as a r oboun Iwditrhg nwhaose pr i |
function is to house electronic equipment and
density exceedoifngc o2n0d iwaitotrideidf tft loodrhearhéaa.h r ecej
| oads from IcToodduwuigp menretr, gy f r omafahbhefoathnde compr
| argest oppoaviumg toeflee24epgul atsed kcoamgputer room

To reduce tanreakmlgg anged in Ahot a,jssech and
that seawerinstalled to all fface kishe Tsheméi cdil rde
i s @aihre space between server racks where the cc
servers, and the Ahot aisled wbetbetherwapmce
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air exits the DbFacogklbeefl otwh ea hesdeesw @&trison view of | °

arranged in a hot and cold aisle configuratio
Hot Aisle Cold Aisle Hot Aisle
-~ Seiver — Server -~ Seiver -~ Server
-~ Rack - Rack -~ Rack - Rack

Fi gur ethos toel/al sserver arrangement schematic

SourRed Banlytics, 2020.

1.4 Market | mpacts and Economic Assessment ¢

1.4.3.1 Impact on Builders

Buil ders of residential and commercial struct
propocsoeddchanges the 2022 ldodes owidlhd n t he nor ma
t hesd nless edlg utsa & heir buil ding practices to ct

necessary, builders engage in continuing educ
compliant with phangesesoaddsbgnl ding codes.

Californiads dorystirsuactoimpmiisredlussf about 80, 000
and 860,000 emmpbd)elers2s&®e tot al payroll was ¢
60, 000 of these business establishments and 4
residenti al building sector, while another 17
empl oyees focus on the ciominer cofalesteahloirshmdrmet
empl oyees work in industrial, wutilities, infr
(industrial sector).

SAverage tot al mont hly empWayme®&it6imiIClal ofornha ¢cong2i0l8
represented 4.5 percent of 2018 empl oyment .
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Tab8eaCi f €«omisa ruction I ndustry, Establ i shment
Payrol |l

Constructtioors Sec Establis Empl oyn Annu
Payr
bill$)
Commerci al 17, 2 343, $27
Commer ci al Bui |l di 4 5 75,5 $6.
Foundation, Stru: 2,1 53, 5 $3.
Exterior
Building Equi pme! 6, 0 128, $10
Building Finishid/ 4 5 85, 6 $6.
l ndustrial, Ut il i 4 1 96, 5 $9.
I nfrastructur e, &
l ndustri al Bui |l d 29! 5, 8 $0
Utility System Ci 1, 6 47, 6 $4
Land Subdivision 95 7,5 $0
Hi ghway, Street, 77 25, 4 $ 2
Constructi on
Ot her Heavy Cons: 4 3 10,0 $1.
Sour(c®etate of California, Employment Devel opment Depart

The pr oposstdec ampawntgesrworud adnkse | ¢ oanfmfeebzuiid lder s but
wouhdt i mpact firms that focus on constructi o
utility syisnfermsst rpwdbtlirce, or ot her heavy const
residential and commeaowhaotl bbeuifledlitngby nadluls tfriyr n
but rwaotuhbeek concentrated in spelabBbPsebowsdubeéry s
commerbaiiidldi ng subsectors the Statewide CASE T
the changes propddaiedcdcirre atsleids treenpenmrtat ure t hres
economi dehsaanrecovery submeasures primarily
are expected to al swVAGmatcrtoled eddreti @dSt amd.
efficiency and PUE monitoring submeasurwist hpr i
the PUE moni asureagabksbmempacting ThhentSt alt € we adre
CASE Teambdbs estimates of the magnitude of the
Econolmmract s.
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Tab®9e Specific Subsectors of the California Co
| mpacted by Proposed Change to Code/ Standard

Construction Su Establis Empl oyn Annu
Payr
(bil i

Commerci al Bui |

Construction 4,5 75,5 $ @

Nonresidenti al

Contractors 3,1 66, 9 $5%

Nonresidenti al

HVAC contractor 2,3 52,9 $ 46

Ot her Nonresi de

contractors 50 8, 8 $0 9

Al | ot her Nonr e

contractors 98 17,9 $1¢

Sour(c®etate of California, Employment Devel opment Depart

1.4.3.2 Impact on Building Designers and Energy Consultants

Adjusting design practices to comply with cha
the normalofprhbaudtliidicenyy designer sTi Buel @#édnagrPeao te

typically updyaetaerd roenviasitohmr eceycl e and buil ding
consultants engage i n continuing education an
with chaegiegntr actices .and building codes
Businesses that focus on residential, commerc
design are contained within Nohea hArAmteirti eeatnu rl anld
Classificab%4bdaT@ps@kedal i fornia Building Desig!
Consul tanghdwexsttohres number of estamditdmaintannuy
payroll for BuildinhDe ApcbpoteeducwdelS&éehanges.
potentially impact all firmecwiorhi MThteh&t At e i
Team anticipat ecsompet e mpracdm daféffieccite nfciyr ms t ha
nonr es lcdoennsttirauct i on

There iNsormnmocht Aamer i can I ndustry Clcasd®i fsipeat if o
energy consultants. |l nstead, businesses that

SNAI CS is the standard used by Federal statistical agen
the purpose of collecting, amalay zrieng,t eadnd op uhbhlei suhiSn g bsu
NAI CS wasedeovaltdy by the U.S. Economic Classification
Canada, and Mexico's Instituto Nacional de Estadistica
compar anbibluistiyneiss statistics amondlAt & Nepl hcAmetheaBSt a
I ndustrial Classification (SIC) system in 1997.
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energy efficiency are contained in the Buil di
541350) ) swboomprised of firms primarily engage
residential and nonhtesisdeamti @loslsuibl ¢i n@gs deter
establishments within the Buil dierdgn |lenrseregy i on
ef fi ccioennscuyl H @ nignf or mat Taml@howndes an upper bo
indication of the size of this sector in Cali

Tabl@ California Building Designer and Energy

Sector Establis Employn Annual F
i I 1io
Architectut 3,7 29, 6 $2¢
Building 1In
ServPces 82. 3,1 $0 2
Sour(c®tate of California, Empl oyment Devel opment Depart

a.Architectural Services (NAIESt 64 184dt0gbliciosnpme stes pmri m
in planning and designing residential, institutional
structures;

b.Building Inspection Seornvpirciesse s eNoAtliocGrsa tbeAtlaBB6I0i)s hment s p
engaged in provi dingnobnuielsd)dnégmtyipaelstiidemtdarlvi&ces enco
aspects of the building structure and component syst
services.

1.4.3.3 Impact on Occupational Safety and Health

The proposed code change does not alter any e
regul ations pertaining to safety and healt h,

Division of OccupationaHA)SafAaltly axids tHiemd t lne 4 ICt
rulwosut dmain in place. Complying with the prop
anticipated to have adverse impacts on the sa
involved with the constructi omnf tcloenmb wisli dinnagq.g

1.4.3.4 Impact on Building Owners and Occupants in Commercial Buildings

The commerci al building sector includes a wid
restaurants and | odwd evge s traellaiid h meamtds mi akredd war
(ilncdi ng refKemrey,atkkidrd and ERes@glyesas20b9) occup

"Establ i shméehis s eatsdrneismscelsu da i neawra ll wa teinngga gee db uinl di ng 6 s
and compenemts @wd includes energy efficiency inspectio
services. This sector does not include establishments |
pests, hazardous wastes or nodnghmoeeniier icmalewt @alndc d mtcami |

government entities that focmupl|l ioaandel/i ¢ dfi mrgc ®eme reth eo fg yb (i
regul ations.
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commer cial buildings also varies considerably

space cooling and condi turoanli ngga s aman swerhad gperriar
heating water and for space heating. Accordin
California Energy Efficiency Action Plan, the
commercial fl oor space i mpeCaleinftorofi @€adnd odaonssa

annual en(ekegnynyu,seBi rd and TResal eer3019) of buil
business types within this sector creates a ¢

ener gy and wastoelrute fofnisc,i eanscydoes the variabilit
owners and the relationships between building
Building owner ssoabdnetcupédnom | ower energy bi
Sectl.odn, 4when building occupants save on enerc
el sewhere in the economy thereby creating job
economy. The StTetaenwiddbee sCADE expect the propos
the 2022 code cycle to impact building owners

1.4.3.5 Impact on Building Component Retailers (Including Manufacturers and
Distributors)

The propnocsreedased temperatumieza&silest ssmore Bggress
energy penmrfegqumardneant ot abvhi papbbecta todayods
be able to meeTthep reRBX ra fpftiicvieepcuyt esquubimeea s ur e
manuf actmperefresfrfmioci e nc yE NtEeRsGYi nSgleApBemrernt s t O
demonstrlaPS nedhdete pr oposed prescriptive Title

1.4.3.6 Impact on Building Inspectors

TablBBhows empl oyment and payroll information
agencies in which many inspectors of resident
empl oyed. Buil di ng iinnscpoencttionrusi npga rttriaciinpiantge t o s

aspects of building regul ati &dnsa,t eiwn adllea &S e n
therefore anticipatesubhdeemriooppgaett ohaegel oy m
of building inspecitiorsobe tbherdecbpergoénéehgy e
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Tabl® Employment in California State and Gove
|l nspectors

Sector Govt Establis EmploynAnnual F
(mi | 11
Admi ni str ¢St at 17 2 8 $29
Hounsg Pr o% Locze 36 2,8 $205
Urban and St at 35 55 $48
Devel opmer|oec ¢
Admi n 52 2, 4 $186
Sour(c®ttate of California, Employment Devel opment Depart

a. Administration of Housing Programs (NAICS 925110) <co
primarily engaged in the administration and planning
and standar ds, housing authoritiedevalnadprmemntsi ng prog

b.Urban and Rur al Devel opment Administration (NAICS 92
establishments primarily engaged in the administrat:i
and rur al areas. Il ncluded in terids iamddisdaonmmiagei @rosy.er

1.4.3.7 Impact on Statewide Employment

As described in Sections 3.3.1 through 3.3.6,
anticipate significant employment or financi a
California economyt h@ahi $ hies p nwojpuahtsoa d shahvaen gneo d e s
i mpacts on empl oyment i n h®alSitfadremwii a.e ICMPA SEe cTteia
estiadtantee proposséaoaipain ge r oowo uehfdffiecitersdayat ewi d
empl oyment and economic output directly and i
designers and energy consul tant st,heanSdt abtueiwiddien
CASE Tesatmi ddadvw ener gy savings as sdoccihaginegde wi t h
computer r oowo uelfdf ilceiaednctyo modest ongoing finan

residents, which would then be available for
1.4 EL£onomic | mpacts
Adoptitcdhn sofcodprepawsglkedsult Iinodesttevehnh g mimc

i mpacts through the adtdhbsenah tdheecommpendah
i ndustarychi tects, energy consUdhta®tat eandeb CAIS
Team dwmds anticipate that money sawead okyheaomme
organizations affected by the mpooapesedt20d2 c
addi tional spending by those businesses.
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Tabl2 Estimated | mpact that Adoption of the P

on the Califoecnala Comsmter ucti on Sector
Type of EconorEmpl oyr Lab Tot al Outp
(jo Il nco Adde (mil | i
(mi L (mil I
Direct Effect s 2, 4 $1 6 $2 1 $3 5

spending by Cc
Buil der s)

Il ndi r e ctA dHIfi ft e
spending by f
Commer ci al Bu
l nduced Effec
empl oyees of
experiencing
Aindirecto ef
Tot al Economi

50 $3 € $6 2 $11

1,1 $6 C $10 $17

A = = —h | — =~

4,0 $26 $38 $64

Source: Analysis by Evergreen Economics of data from t|

Tabl® Estimated | mpact that Adoption of the P
on tClad i fornia Building Designers and Energy C

Type of EconorEmployr Labor | Tot al Outp

(jo (mi || Adde (mil |l
(mi || $

Direct Effects 1 $01C $01C $01 7

spending by Bl

Designers & Er

Consultants)

| ndi r e otA dHfifte c 1 $0 0 4 $00 & $00 ¢

spending by fi

Bl dg. Designer

Consult.)

| nduced Effect 1 $0 0 4 $00 7 $01 z

empl oyees of f

experiencing f

Aindirecto eff

Total Economic 3 $01 € $02 2 $0 3 €

Source: Analysis by Evergreen Economics of data from t|

2Q2ZTitl e 2F) nBASHE ReipRdr2NRHV ACH|2 3



Tabl4 Estimated | mpact that AdoptWooahHdofe t he P

on California Building Inspectors

Type of Ecc Empl oy m LabcTot al OQupgut

| mpact (j ol | nco Adde (mi |l |
(mi L (mil @i

Direct Effe 0 $0 . C $0 . C $0 . C

(Addi tional

by Buil dincg

|l nspector s)

|l ndirect Ef 0 $000 $000 $000

(Addi tional

by firms st

Builldnsapgect

|l nduced Eff 0 $0. C $0 . C $0 . C

(Spending [

empl oyees

|l nspection

and Departr

Total Econc 0 $0 . C $0 . C $0 . C

| mpacts

Source: Analysis by Evergreen Economics data from t|

1.4.4.1 Creation or Elimination of Jobs

wor ds,

typafsijomnb o formetwhe

t he

The Statewide CASGE daepbmcidmpedseuptrédcaptof sbendet h e
2022 <codreegecuylerldeilochad t o t he

el i minexi estyymdggs of jobs. I n other
proposedwobhdgeresult in economic

economy.
to

|l ead

Rat her
modest

changes

di sruption

tdhmi e sitmpnead tess difs cwomeé d i n Se

i n

empl oyment of

1.4.4.2 Creation or Elimination of Businesses in California

As

stated
resul t

i n

Statewi de

t h®t at ewi de

i n

etoopomio

Section 3. 4.
dngrespctor

CASBEofTehbhor dses

pr op ocsoeddeh arsg e

G AhS En KT eaanny

2Q2Zritl e

any

1, t he

of
new busimBeesses b
exi wtoiubg kUsImMMNess es

exi st
Swatfeaoti de CAS
t het Cal i f orn

due

2F]) n®GASE ReiOr2NRHV ACH|2 4



1.4.4.3 Competitive Advantages or Disadvantages for Businesses in California

Thpr opocsoedde ¢ hwaonugleds apply to all busi nesses op
regardless of wheitheor pihmesibeie i mre ssutidsi de of tF
Ther ef otrree St &tEe Wiechemn@Md eant i ci pate that these
proposed20f22r ctohdeee gcuylealdel hoshv e an adverse effect
competitiveness of LCiakeawioseni at hbeu sStnaetsesveisde CASS
not anticipate businebksktsrhobaawed!| cubsi devant .
di sadvant aged.

1.4.4.4 Increase or Decrease of Investments in the State of California

The Statewi deanGASYEz eTdeannat i onal data on corpora
invest ment by businesses that expand a firmods
domestic investAseabl ®sbowatPbe § BaB 1R 0NPDI as

a percentage of corporate prafiitths amamlyled afgreo

percent. While only an approximation of the p
capital itnhée aatt mevii td,e (bAeS EHskeTveeapmmn ovi des a reasonsz:
estimate of the proportion of proprietor inco
owners into expanding their capital stock.

Tabl®Net Domersitvlaatveest ment and EBoopbt s, u. S.

Yeat Net Domesti Corporate Ratio of N

l nvest ment by After l nvestm

Billions Billions Corporate

201 609 1,740 359

201 ¢ 45 . 1,739 269

201° 508 1818 289

201¢ 618 1843 349

201¢ 589 1.8 7 . 329

5-Year Av 319

Sour(ckeeder al Reserve Economic Data n.d.)

The Statewide CASE dkaumt aamt$ L0 paitlplriivmtreet i n

i nvesf marmfper oposed .measur e

8Gov. Code, AA 11346.3(c)
c

1)(C), 11346.3(a)(2); 1 CCR 2
di sadvant abeiE®ud virneCs ses rrent

( (
u e l'y doing business in the
°Net private donmesshtei ct otnavlé savmeosuinime wod pi t al by the busine:
is used to expand rtalbteéneadapgihtaanl maticmakai n oQGo rrpeoprl aaticee pdrucef itt

t he moneefytad erfgorpatyisonts expenses.
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1.4.4.5 Effects on the State General Fund, State Special Funds, and Local

Governments
The Statewi dedeCAASBE @rpeict t he pr owoousheddv ec cade ¢
measur alalce iompCali forniads General Fund, any

government funds.

1.4.4.6 Cost of Enforcement

Cost to the State

State government ed peadypydkeadebetdgement, educa
compliance enforcement woWhidl aostbai@eggoesonmee
update the T$Sttarmrda2Mdds Pairmcléudi ng updating educ
mat erials and respondirngyvitseeqdyu e emeon s , abbet et
are already covered by exi ssttiantge sgtoavteer nbruedg e tasr
when compared to the overall costs savings an
code changeTpeopewsespl sodeaceaxamagetsed t o have a n
i mpact on state buildings by opkyg,i mpabt mpgtc
i mpacts being for new construction buildings.
cost effective.

Cost to Local Governments

Alplr oposed cod@i thangds Part 6 would result in
determinations.tdowall dowvewihlndeiond r he par &t hent s
revised Ti tSlteanadd,r dBar #WWhéai i hbi Bsran expense t

governments, it is not a2Zhzxwdeoshaageociyal ed
building code i si alpdlaa®ids onamdtiroealn gover nme:
retraining every time the code is updated. Th
|l ocal governments to support compliance train
retraining, i nicngudanndg rteosodur,casDBoarchesvi dad by t h

Standards (puchr am EnerAy fCodedAZT.eBndAmppendi X

C, the Statewide CASE Team considenigtht howmptal ¢
various mar ket act or sce navnod veendf o rnc etnheen tc opnrpol ci eas
to minimize negative Iimpacts on | ocal governm

1.4.4.7 Impacts on Specific Persons

Whil e the obj ecStiavtee woifd ea nCyA SoEf Ttehaenhs pproaod xa le |
effictilretencyt,atewi de eCASHE heeamhere i s the poten
proposed comaey crheasnuget i n unintfTéndegpr o@uasaduersc
expected to result in dimpfaenresntonf spmctilie cgpre:H
| mpacts of the promposeadipeuslimemdant esiwertyed t o
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mi ni mal, as the proposed code changes 1 mpact
process spaces, not accessible to typical bui
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2l ncreased Temperature Thr e:c

2. Measure Description

2. 1 Mleasure Overview

This sutbene@rsaposal i ncludes the following modi
prescriptive requirements for computer rooms.

T Establish a single set of outdoor temper at
of having separate requiremesnts for air an

T I'ncrease minimum outdoor temper atbuwrlebs ofror
50AF-bwmdtb for any type of economizer- Curre
bul b and-b5ud AF fwet air econédmil dberamn,d -EBuBdbOF4 AR
for waoboemomizeesceapgtnicdinuded to all ow project
2019 SectibecdMdmi9Zer) temperature requireme
al so i mplement higher efficiency fan syste
equi pment .

rease the aomompuntuenr sieemt hreshold for re
tainment f rroono nlOkS\pleo plelrE desi gn | oad.

ify 140.09(a)l Exception 4 to allow for
maxi mum spare cooling capacithyerfrom th
n requiring the economizing fan system
computer room, as |l ong as at | east fiwv
vided. This exception would apply to al

bmeasur e preodwmddlowi mgl Seeas ifb.rclatbl)ons
ptive requiremenntesx ifsotri.ncgo nbpuuitledri nrgoso ms

o o Y ®a S O

Thi
pre

T Additio
This 1in
subsect
i o]

i

e

(@]
= 0
=

of economizer requirements for <co
ol ves moving 2019 Tidntes 2t4g tPhirs rbe
on. This would not ciompmud @uicre ooens r
S /buatl tweotualwdh ®©@ r equirements apply

n
v
[
addi tion
n new buildings and which requireme
n
h
0

rooms
addi ti atabns.

Finally, this submeasure proposal i ncludes re
software t all ow designers who use the perfo
computer room economi zers. CaliforniaeBt@iolrdi n
c omme rbavii d 1dCBWEECo(n s not currently capable of n
refrigerant economizers. Both of these econom
California and offered by a number of major m
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recommen@BECGam be updated so dry cooler and |
can be mondelpaedj ects using these technol ogi es
compliance path

CBEGCCom currently has |l imitations on fhbe air |
computer rooms. Based on reviews of dozens of
consul tations, and best practice( ASHRIAE, ne r e
Ther mal Guidelines for Data Processiintg IEsaviro
evident that a variety of supply and return a
computer room designs, which have a | arge i mp
economi zing hours and on fan energy. The St at
CBECLCom be updated so exact design supply and
model ed and the economizing system incorporat

Sedppendiocard®i ti onal information about propose
software.

2.1 Masure History

Since 2013, Title 24, Part 6 has included pre
with | TE design | oa’dsOgeeafethehbhanriglqiuad efmelnlt
economi zing-bat b52AHB -b&uldybF owetdoor temperature a
economizers or to utilizeulfuldnd-O5HMdmMmiowstdg oat
temperature and below for water ecancmimeeanrs (
assume a 60AF computer room supply air temper
model ing software. A 60AF supply air temperat
computer rooms per ASHRAE Ther mal Guidelines

(ASHRAE ,2@WhS5)ch includes a rechummentdedp sreatviere
bet ween 64.4AF and 80.6AF. Another requiremen
exceeding 175 kW room (Sectiompb4®adtaf¥oé6ystWs
establishing statewide energy savings for com
relatively conservative compared to computer

considering pricing of air conkatnmé&htsproduc
submeasure seeks to improve Title 24, Part 6

Guidelines for Data HRrAScHRSASE ,n2gb d5n)ivn ¢ roeaneinn ¢t |
mi ni mum outdoor temperature reghiaeyenypéoof f
economi zer -dwl B 5ArF -HOIAF twemper ature. These val

2Q2ZTitl e 2F) nBASHE ReipRdr2NRHV ACH|2 9



umed 70AF computbeurl br o ocenmpseu paf huyr iea sreft gtoyi sn
| ower range of ASHRAEbs|l betaeammeaded se
sing the outdoor tewmpesavarsi groirf ifaddt eec
|l climate zones in California by increa

- — —
O 5 S5 S
= 0O
- ~
>
- 9 O O”

t bar
eshol
ng bui

ni fic
ure t
exi s
i
0

me [
a
i
e di ff
d
[

mper
o ms
clu
cat

(2]

n r were I dentoimfiize ch gf or
r d rorcomputer rooms in
[ [ gs and expansions of
ul ty in essing ouwttseirda oainrs f
e zones, oling coils sized fo
e
S

= (o]

n C

O - O —+ oD

[
t b ng abl t o me oling |l oads if opera
wer or dry cool er ed foreqwdtderapgpmpac!
u
r

N O OO S5 O wm

- 0 ®© O Q

mperatures to meet the proposed el evated ou
ese barriers, the proposed increased temper
oposed for new construction computer r ooms

o T e e B B N 0
- o @ O O O 5 O m O

supply a#pmul ot t2enberditure and maintain serv
6AF, air containment can be used to reduce
r before the cool air reaches the server in
creasinglgompavalenboman, with many avail abl
bl anking panels, strip curtains, solid doors/
coeff fective containment options for computer

T 00—
- O O

=}

By reducing mixingaiof, suptil gl aindgra@&itmuraont ai ni

amount of airflow needed to provide cooling,

demand and annual energy savings. There are n
i mpl ementation of i nisnt anlelw ncgo mapiurt ecro nrtoaoi nsmecnotmp
existing computer rooms. Therefore, the air c
is being proposed for both new construction a
containment application.

Whil e computerzerroornme gewciorneoomeint s have been incl U
since 2013, compliance software provides | i mi

types and operating conditions that can be mo
refrigerant econodelzedsi canmmets dbfet madar en.otAl s o,
allow for deviation from standard supply and
be model ed, such that computer rooms designed

WAir econddm meurt:sildee air can be provbuled dwd wp to BARF

temperature increase due to fan heat to meet the suppl’
100% of the computer room cooling | oaldo AR-bwéte provi ded
approach temperature, 3AF heat exchanger approach temp:
temperature plus fan heat temperature increase.

2Q2ZTitl e 2F) nGASHE ReipRdr2NRHV ACH|3 0



full credi
temperatur
return air
can use sil
and return

2. 1.Compl i

When dev
streaml
mar ket a
section
compl i an
i mpact v

The
1

D O QO O S5 O

acti

<

sign
quir
il di
e re
s |
ow cC
quir
ed
nt
de
I

ne
e me
t si
nsu
th th
wever
quire

rmit

awing
at it
equi pme
heat r e

® O ToOoOcCc —unw o oSS CcC OO0

=a
Q T
- O

—
=5

CBEGCom

comput e
| oads.

T Constru
documen
sel ects

tapht st €

t f omromihze ri nhca werass etdh eeicro de s i
e flexibility also does not
di fferentials, when computer
grsisf if @antelnyer gy than computer
air differential

gn provi
all ow f
rooms
rooms

and Enforcement

this proposal, the Statewide
compliance andganhfoecéemeatctpro
ors who are involved in the process
scribes how to comply with the prop
ver iAfpipceantdpioxe sEpmtos elsew t he proposed
Il ous mar ket actors.

ance

oping
t he

ti t hat need to dur i each

de
gg
or
or ai
tion

es occur

ng

deger mngéesewhi ch
ered based on the <co
existing), and if th
cakodésigmeengi Taer m
as current standard
temperatures and economi
air containmentioatpenmi:t
ed. Coordination with the architect
s and in particular, for air econom
air for the computer room. Mec hani
Nonresidenti al Certificate of
e permit package. These activities
, the mechanwawah dead sti g nf eelnlga w etehre
ment s.

al
tri
w

Amasaenhani c
ments are
g type (ne
ui rement f
ad calcul a
oling coil
ments and

e C O |

n €

Appl i clahtel @gm sPleaseni ner revi ews mecha
s and specifications to confirm if

i's shown on the permit document s.

nt schedules to confi mmeeaboombszetf
covery exception is being used, the
simulation results that show at | e:
rrroom cooling load is used to prov

revi ew
and e
(if r

ctidhePmaséani cal
ts to confirm air
and installs air

contractor
contai nment
contai nment
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the design shpeecciontcradtlisonconlt ractor installs
economi zer system to operate per the desig

T I'nspecti ohh@hmeehani cal contractor compl et
Certificate of Installation (NRCI) for ms.

2. Mar ket Anal ysi s

2. 2 Mar kSettr uctur e

2.2.1.1 Market Overview

Mar ket surveys by the tUompmeeitnsuoemhuyeresaedea
group, i npercedfertds u8vey respondent s usoempalitrerc on
rosm p6edr ceefntrespondent s use alnavpdaleaesteae mp er atru
water eco(nlomstziitnheuz Ml 4)esponses were from gl
these numbers are thought to reflect common p
These numbers dopgtiicaneofwi dekesae technol ogies i
when these technologies became required for ¢
that time, economizing in computer rooms and
common practicaes iblhuiCladiifngropear,ators have co0me
energy savings associated withfehbeseoespradegt
available in the market.

The air temperatures at which a computer room

facst,ori ncluding server arrangement, installed
return air) temperature setpoint, supply fan

cooling coil design condition selection. The

anmyd hours the computer room can operate in e
features are determined by the mechanical des
speed control sequences of operation, selecte
witd owner to determine acceptable design tem
computer room operation. The design engineer

trades such as architects, electrical enginee
|l ocatawd orientation for server racks and | T
requirements for airfl ow, and mechanical, el e

products are specified to meet the design reqg
soldedily from manufacturers or sales represe

equi pment is sold by third party sales repres
products may consist of cuadloang c dis i Ddmgtohernt s
case, ehemaeayamanufacturers that make and sell
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Computer rooms vary in size and can range fro
to tens of megawatts of | TE design |l oad. Smal
in buildi age Wlesigned primarily for other wuse
owned and/ or operated by the same entity owni
Very small computer rooms (approximately 10 Kk
typical by $argyed buil ding air handling system
dedi ated variable air volume terminal unit s
hand, very | arge computer rooms (or fidata cen
that were decogsatrtduaned to be primarily compu!
|l ayouts and building infrastructure are desig
computer room equipment. These | arge data cen
compani whobepkdiagiaedi aperating data cent

I
a

O O

¢}
7]

A cou
t empe
cool e

p of data center developers expressed

;

d
evapor a

d

t

|

t

re thresholds for economizing becaus
il 1l ers widrh @ ndreagmiaz eerds ,dran ¢ otohey do
ve cowloiongd(ehgl,| ewst amd evaporative
asons for this design include water

mpetition twa tbaewiolld df acshtidrl etrh gon awht ast a
out cooling equipment modul arly to b
t enan n the case of multiple tenants and to
capacit by codotdadeds s omhe hapeed t o mar ket col
the proposed energy code change would apply t
owners would have equal requirements.

state
mar k e
to bui

o ® — T C

- 00 =~ 0~

<

The Statewide CASE Team worked with prominent
mar katadof the relative numbers of different
rooms in California, in addd.tS.onDetpoarlt.nse n tD QE
201d4nd CBECS chWl $erDeamanmat ment dhiBEnemdyrIn@i2)
used to estimate the market share of prominen
computer rooms. The results are shown in the
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Tablé@Egs i mated Computer Room Cooling System Ty,

Cooling System Type Portion of
Computer Rc

CRACwi t hfduwti d/ refrigerb54%

CRACs with fluid/refrl3%

CRAHs servedobyedathr 23%

CRAHs ser vedolbgd adchi |l 10%

Tot al 100%

The DOE data includes national CRAC sales dat
have economizers and 81 percent of CRACs are

stays constant fr osmt 2201283 .t hMaonuugfha cattu rleera dat a i
Californiads mar ket matches the national CRAC
sold with and without economizers.

Manufacturers provided information that helope
CRACs aA#HsCRData on other cooling system type
imow chilled water fan coils was not obtained
cooled chi-tbelrsedantdi bl ers serving CRAHs, CBEC
Region wasl uskbdi Fdrngs with chillers. 't i s a
computer rooms in the same ratios as al/l bui l

Data was not broken out by new construction a
pur posegs epfortthi 9t i s assumed there Iis no sign
by computer room cooling system type between
computer rooms in existing buildings.

2.2.1.2 Design

This submeasure | argely rehpgpeseen tbedmechant
mechanical system to properly comply with the
identifyin which code requirements are trigg
computer room. The mechanical deameictdhmnarcgilneer
cooling technologies to provide sufficient <co
required outdoor temperatures; this includes

all ow the ode requirement t onbaearmemi,ngisncl udi
coordinating space requirements with the arch
using air conomi zers, and developing a mecha
that achieves code requirements.

< ® 53 O cCc O 0 «Q

Coordinat.i
server r a

n between ctthhe crad c ldeaersii ganlerand selreequ
orientation for the air contai nme

o -
~ O
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often packaged products sold from vendors, so
design specification gredaredprtodwactd. a specific

All of these activities must be performed for
2019, and have been required since 2013. Thi s
designing for higher temperatures.

2.2.1.3 Installation and Commissioning

Af t er npgr ontautreiri als from equi pment vendors, the
mechani cal and air containment systems. The ¢
mechani cal contpactgr camdi asiloni g agent. The
have kaeganrred under Title 24, Part 6 since 201
this proposal. Because computer rooms are typ
practice includes commissioning to confirm me

instal eedyprop

2. 2. T@chni cal Feasibility, Mar ket Avail abi |
The proposed code change assumes a cooling co
temperature) of 70AF. Designing for the propo
easily acsiegamtiekétbl e computer room air han
(cooling coils, fans, etc.), provided by pred
California market, such as Liebert, Schneider
containment prAdscppkwypaiieremperature of 70A
common mechanical equipment. Selecting equipm
half of the technical effort required to i mpl
requires air contnag norfe nctoatlo sawpopildy naixri wi t h hogc
supply air enters the servers or other I T equ
entering the servers/ | TThragrumagplme@ui. d Sleien eAsS HfRArE
Processing ENhASHRAEEWIIsSr)ecommended and all owa
equi pment inlet temperatures. Containment tec
manufacturers and range from rigid aisle encl
return air Icdanlknnregspane®l £, and more. With suff
provide air barriers such that there iIs no si
equi pment troetrercn raiul ate back to computer inle
cooling syesnemi pimee@at, as defined in Title 24,
temperature differential or greater between s
achievabl e.

Exceptions for computer rooms | ess t-han 20 to
dedi catedysbemsngnd computer rooms | ess than
buil dings without economizers would remain. C
| TE design | oad utilizing the first exception
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air handlidgusgs¥Vam aerminal wunits to provide
room.

Water Economizers Using Evaporative Cooling Tower and Air Economizers

Air and water economizers sized to meet the p
al so widely awpitisaibd-ppa pksageud Igroduct s, from me
manufacturers. The proposed economizing tempe
supply air temperature with -Hdwlld tad mp ercaotnwrm sz
65AF and below, as shown itni ddingmealmke system

proposed economizing temperatures allow for a
water economi zi toaldt teupceaos drnt amatsbefF owD Aas s umi
10AF cool i abgultbo waeprp rwoeatch t emper ature, 3AF heat
temperature, and 7AF cooling coil approach te
to fan waste heat, as shown iFn ga2b ed xoavmp |Ad |s yosf

these are common design approach temperatures
manufacturessi mportant to recogmi zeethat addl i

towers, CRAHs) should be running in economize
t owewosuubed bel ow design | oad (e.g., no chiller
mode. This makes it easier to -aeohbeve full ec

7°F cooling coil
approach + fan heat

Chilled Water Supply
63° Supply

c 70°F
Supply F / dry-bulb Air
EE Air chiller c
ﬁ > / ﬁu Chilled
o dry-bulb
dry-bulb v 63°F 1 Return

/171171 Outside Air 10°F 3°F heat

) Wet-bulb wet-bulb HX e exch
Relief Return SO0°F  approach exchanger
/ approach

Air Air 4
. ' A 60°F
Cooling Cooling
tower Tower
Water
l Supply
|

Fig®reExample design temperatures: air econom
economizer (right).

/////

©
////

SourRed Car Analytics, 2020.

Air-Cooled Chillers with Dry Cooler Economizers

Some stakehol ders expresaterdot bdt chheyetgpiwcah
dry cooler economizers to meet current Title
Most dr ywoawhodveer sdi f fi culty meeting the-new pre
bul b temperature ecomomwbhemrser equumier smeiste. air
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chillers and dry coolers to achieve economizi
code change may require evaporative cooling t
the new economi zer pr,esocrptitphtee e mayuelrement s |
performance code compliance path. The Statewi
exception to the proposed increased economi ze
computer rooms to adhere to 2029rEiquli eeménesco
project al sohiigrpdre nefnftisc iaemnlk g nafiard csoynsttaeimm ment |,
mor e e fcfoiodii et eReaufi @lpepnetn.dfioxr Glet ai |l s on t he en
tradeoff for this proposed exception. Because
a code requi eédmerct i v@anesst analysi s was not pe

Refrigerant Economizers

A review of refri gheea amdr ketoniomd izeatse otnhat s o0 me
propaopsreedscr i ptiivreggeanpem amiuz e tFlore kkalmpd e, one

provide full 66dFnomi-blioioly ®e& mplkeirlae¢ upeovi ding a
air temper a(tMunet eorfs 7ABHOAPHOES i s higher than the

70AF supply air temperature, it is (SASIHIRIAEwi t h
Ther mal Guidelines for Data ProcessiQtghd&mviro
products6é |l iterature indicates meeting the pr

temperature thresholds may or may not be feas
including return air temperature and system |

Potential Market Barriers

rom a tech
n ai sl es a
n computer

CASEeamaisdenteil feived ed temperatures

While this submeasure is feasible f
[
i mpl ementation through their work i

roonmerogpt or s. El evated temperatures result in v
server racks are arranged in a hot aisle [/ <co
are not regularly popul ated, | T personnel may
meansr wers at times may experience émeir onmen
computer room hot aisle. To address this conc
so the majority of the computer room space i s
comfort abluer et eonip earraotund 7 0AF. Computer room op

training and education for workers on the the
and what to expect as an effective strategy t

process | oauch axs |Imanefsacturing. Containing tl
concerns about needing to insulate walls of a
wall with an adjacent space with a | ower zone

A couple of data center daebvoeulto ptehres perxopproessesde di n
temperature thresholds for economizing becaus

2Q2ZTitl e 2F) nGBASHE ReipRdAr2NRHV ACH|3 7



co
ev
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bu
t e
ca

To
t h
pe

oled chillers with integrated dry cooler ec
aporative cowloiongd( €hg.l | evestcenmod i agap owatrisy .
ated reasons for this design include water
ild out cooling equipment modularly to be a
nant 1in the case of mul tiilpdl eo utte ncaonotl si nagn de qtua
c

pacity by onstruction phase.

address water use concerns, the Statewide
e -efosécti veness analysis. Energpultloides are ;
rceahdomncarergsarsdet nwgat er pu®ei ding equall requi

ownermV¥ |l e not included 4enfele¢ei vyveopssofanthegscas:

Re
wa
wa
€q
me
su
Sy
wa
co
an
no
mo
s e
as
ch

2.

2 .

Th
co
20
el
f a
f a
En
f a
Re
en
A 2

port, saving site energy saves Twatedremsesr gy
ter reliabilcilteyd omanceer ncsa,n rbeecyused for cool i
ter is available from many Twa taedrd ruetsisl itthiee sc o
ui pment segregation by customer concern, wa
asure each temantctésatpatticoowml ohgt plant | oad
bmetfeon ngacant. This is commonly done for di
stems on campuses and citiesBebaaegalaonut Cal
ter subinsetndortt hage Wi r ement , water meters are
st effectivemnesshi dhaldy swsaser systems, but gi
d the high cost effectiveness under this su
t expectedetn@fdots hgr athieo bel ow 1. 0. See secHt
re details on the cAdstceaftradtoivedrehs |dral pd
rving muldalpd ehdaledhatnd st he same reliability &
segreglateerd psbmraemd dr ess t he modul ar-cbaliéed out
i1l er plants can also beoblieldt cbut |l evepl @ainm

Energy Savings

3. Key Assumipdn olrser gy Savings Analysis

e energy andgresetnterdaliynmsitdri s report used th
nsistent with the TDV factors presented dur

20 workshop on compliance metricsTh(eCal i forn
ectricity TDV f arcdeomrts rientcdiuldeadder 1ébnd et he 1
ctors include the impact of methane | eakage
ctors used in the energy savings analyses w
vironment al Economicsthamnci s (E8Yyel opiengoinh e
ctors for the Energy Commi ssi on, Fh5 apstpr ea
tail Ad | Scaled by Avoided Costs. x|l sxo. The

ergy savings analyses wBrenohAtapneddshaetmta
022 _TDV_Policy_ _Compliant CH4Leak_ FlatRtl Add
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mand factors used in the energy savings ana
readsheet titled 2022 TDV Demand oRadticrds. x
e Statewide CASE Team on April 21, 2020 tha
inements to THB\Wafragtl obhaluwiangni @ potenti al
tead gfeatrhe&GWPOW al ues that were used to der
ticipategetamatGWMPhe a2@es wil/l increase the
ult, the TDV energy savings presented in t
expected i f yrearf i GWPlI vBDVWViesse ah@ t he prop
I be more cost effective using the revised
rms are not affected by TDV or demand fact

- = O ® 5 ® 5T O

® —d® »n S5 nu —

h
ecause this submeasure | mpartlhesn ecrogoyl isnagv ysnygsst e
ependicrogpldmg s ymsd earf ftaympdeececiymdher zémoe e, a
nergy analysis was performed to dempuostéerate
oom cepgpbtem typapandi nemct{ DX) computer room a
CRACs) and chill ed watleer < o(miBRasHsd) ocoomeaidbale
ol l ¢« WiensMarch 12, 2020, public stakeholder me
| so i ncledée@cai ve sk stswoa naadldyi stiisoanfael r ceacsoensomi z i
sing-cwaotleerd chill ers andveegwamnrdatwiaverc ealoinrogni
singoail ed (cthrif lceaoasl eompasedamer ati ve cooling
pr op ocsaeide

2.3.1.1 Case 1: DX CRAC Cooling with Air Economizing

T System OVOrlPi telwe Pagtttanédar d -decli g BXr CRAC
cooling system tayrpes ean d tnkebbsefsitetiiiernec yand pr opos
cases. The proposed system opearsatperso pacts ewda rbnye
the submealslu@descri bes the key modeling assun
savings analysis.

T An El oad of 50 &k Vdswarse psreelseecntteadt i ve of comput e
existing 17% hkWslhToH dl deod t aegmentng air con

T Modeling Software Approach: annu&kehsactiyonrp
4. 2Enlergy Savings Methodol ogy for more infor

1T Description of Energy Savingtshrwbdyiss measur e

1 .Hi ghseurppl y air and ursée ocneé arsemh eeanmpreedraal t
economi zserwhobaoh reducesont he cosmpri @eg | oad
2.A higbteurn air temperature impacts CRAC e
3.Requiring containment fohasmaiibek&®aseput e
the temperature differential bet ween supp
decreases .fan energy

2Q2ZTitl e 2F) nGASHE ReipRdr2NRHV ACH|3 9



Tabl2Energy Anal ysi sl Assampedoilsthpersdidod rde

Econonmd, ze&€ras e

(DX @WRAG @Gool IEMm@nomi zi ng

l nput Par ame

Basel.

Propose

Not es

| Equi pmenat (

50

N/ A

I T Equi pment
Schedul e

Dat aRe

Dat aRec
cl e

ACM AppesbBHBLixad c
each month &nmdmg
7%, andllod f acH

Sup pAli y -bOurl yb 70 Baselin@gesACMI n

Temperatur e 20AF supply and
t e mpteurae di ffere
Supply Fan Desig
5.7..3.2)
Proposed: Propos
change.

Ret Arlir-ful b 90 Bas elAsmseu:nvead ue A

Temperatur e contained compius
val uer enayl sl ii ghh ta
conser vatbpsvwep g lhy
return air tempe
t han t(yGpioawagl. 201
Proposed: Propos
change.

Supply and R 20 =(Return air it emy

Dr-ul b Tempe supply air)tempe

Di fferenti al

Supply Fan E 058 140. 9( AW &kBt,ahdr -

(W/ cf m) delTt(egper Supply
Airflow table, 5

Supply Fan SVari-abVari-abbTable 10, AQCM.pa

Control fl ow, |VSD

Mi ni mum Airf5Q@®@ercesPpPercel(Table 10, AQCM pa
assumed to apply
conservative est
specifies CRAH .n

Cooling Syst CRAC Mat ches ACM.

(asaour |(asaourc
DX, -two
speed)speed)
Cooling Syst 15% r

Safety Facto

Mat ches ACM f
equi pmsehandar
2.5.2).

0
d d

Cooling Syst
(Bt u) hr

196, 190

(
=l Bqui pmead (1+s
safety factor)

2Q2Zritl e
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|l nput ParameBaseli ProposeNotes

Cooling Syst 163 163 Conversion to to
(tons)
Cooling Faydt 1.90 1.009 Titl2e012r tTab,| e -
Efficiency ( A, -adal e d3,6BQ /amrd
240k Bu/l hr

Cooling SystACM ACM DXEI R_fPLFCBoREeE
Load EfficieAppendAppendi DX (Ot her)

5.7 DXEI R_f Temp CS o/Rre

DX (Ot her)
Cap_fFl owCBuoRecte
(Two s,peed)
Cap _f Temp CrSvwRierfc,
DX (Other)

Ec o n o niyzpeer Air Air Mat c AESM.

Maxi mum Outd55 6 5 Baseline: ACM.
bul b Tempera Proposed: Propos
EconomiA) ng change.

Maxi muut door |75 85 Baseline: ACM.
bulb Tempera Proposed: Propos
Par Eicalh o miAz)i change.

Mi ni mum Vent|0 0 Removed for si mp
to Sgaden/ sf) affect submeasur
Energy Commi Al | Al N/ A

Climate Zone

2.3.1.2 Case 2: Chilled Water CRAH Cooling with Air Economizing
T System OMVEOrlvi e Pasrttanédar dc hdddiegdn waodvoelt i CTRAH

system type and effitchikrasey i acee amsiegriopobedh c
proposed system operates at warmer air tempe

submea3abk&@escrtihbeeskey model ing hasemmptgiyons
savings analysis.

T An I TE | oad of 1,000 kW was selected as repr

t h, 000, 00dDo Bltiun hrl o a dr etghuriersihnogl dc hfiolrl ed wat er
the Standard Design

T Modeling Softwaaeldwprplry acphr ea ds h Seete siemu li atni

4. 2.1 Energy Savings Methodology for more in

9 Descr i pethieaogyofSavings: Téaner gne alhamahesasaeappl y
air and returpsi mecredaseemptematmunumber of annual

which reduces the cooling |l oad on the compre
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Tabl@Energy Analysis Assumptionsl:thrlemsdirod als ddrTe
Economi,ze€Case 2 (Chilled Watlkrr AICRAH} €Co®inii nign g

|l nput Paramei/Baseli Propos|/Notes
| Equi pmead (/1,000 (1,000 [N/ A

| T Equi pment Dat aReDat aReACM AppesHixad cy

Schedul e acl e acl e each month amon o,
and %Il0O®dad factor.
Sup pAli v -bOurl yb 60 70 BaselingegredCMting
Temperature | supply and return
di fferenti al per
Airflow table, 5.
Proposed: Propose
Ret WArn m -bDurl yb 80 90 BaselCHHEGE&om def altl
Temperature | Proposed: Propose
Supply and Ri20 20 = (Return aiirs utpen
Dr-pul b Tempel air temperature)
Differenti al
Supply Fan E058 058 140. 9(a) 4t:u /2hitrd WR K
(W/ cf m) delTi(agper Supply Fi

Airfl ow tabl e, 5.

Supply Fan S|/ Vari-abVari-abTable 10, AQCM.pag
fl ow, fl ow,

Mi ni mum Airfl50% 50 % Table 10, AQCM.pag
Cooling Syst CRAH CRAH Per AQ@idBbn 9.0
(vat-er (2 wat

cool edcool ed
screw screw
chillechille
equal llequall
sized)lsi zed)
Cooling Systil15% 15% Mat ches ACM for s
Safety Fact o, in standard desig
Cooling Systi3,923,3,923,|=Il Bquiphead (1+si
(Buj) hr safety factor)
Cooling Syst 327 327 Conversion to ton
(tons)
Chi Fuét Efdadc0. 625 0. 625 Titl e ZPharAT0allol,e 1
(kW/ton) patAh podiitsipye@ceme
CHW pump, CW pump
tower energy 1S n
simplicity; inclu
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| nput ParameBasel i lProposNotes

components woul d
energy savings an
measur efdestt i vene

Chi Pladtmad ACM ACM Wat-€ool ed Pos Di s
Efficiency CAppendAppendPath A, All Capac
5.7 5.7 Cap_f TempCrvRef

EI R_fTempCr vRef
EIl R_f PLRCr vRef

E c on o nfiyzpeer Air Air Mat ches ACM.

Maxi mum Outdi55 65 BaselCGBEE GCom def al
bul b Temper aj Proposed: Propose
EconomiAz) ng

Maxi mum Outd(75 85 BaselCGBEE GCom def al
bul b Temper aj Proposed: Propose
Par Eicalh o miAz)

Mi ni mum Vent O 0 Removed for simpl
to Space (cf affect submeasure
Energy Commi (Al | Al | N/ A

Cli mate Zone:

2.3.1.3 Case 2b: Chilled Water CRAH Cooling with Water-Cooled Chiller and
Evaporative Cooling Tower Economizer

T System OMOrlivi e Pasrttanédar dc hdd diegdn waodoelt i CTRAH
system type and effitchikrasey i aecee anmsilegriopoledh c
proposed system operates at warmer air tempe
submea3abk® escrtihbeeskey modeling assumptions
savings analysis.

T An I TE |l oad of 1,000 kW was selected as repr
the 3,000,000 Btu/hr coolchpgll eddwaheesCRBRRAHS
the Standard Design.

T Modeling SoftwanaealAppoorth spreaebestcsti maol
4.2.1 Energy Savings Methodology for more in

1T Descr i pEtnieang yo fSTalviisngnseasur e saves enerflgy beca
air and return air temperatures increase the
which reduces the cooling |l oad on the compr e
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Tabl@Ener gy

Anal ysi s

AS s

Economi zer b( ClRlas@d Water

umpti ons:

|l ncreased
C A BWWaQ oéocl o nnogmi azni dn g

Evaporative Cpoling Tower
| nput ParameBasel iiProposNotes
| Equi pmead (1,000 (1, 000 N/ A
| T Equi pment Dat aReDat aReACM AppehBHLxadB cy
Schedul e tacle | taclej/each month among
7%, and&llota@ fact
Supply -RAulrb D60 70 Baselinered€Mtincg
Temperatur e supply and returr
di fferenti al per
Airflow table, 5,
Proposed: Pr opose
Return -PAilrb D8O 90 BaselCBEeGCom def a
Temperatur e Proposed: Proposce
Supply and R20 20 = (Return aiirs utpepr
Dr-pul b Tempe air temperature)
Differenti al
Supply Fan EO058 058 140. 9( AW &KBt,ahdr 2
(W/ cf m) delTt(qpper Supply F
Airflow table, 5,
Supply Fan SVari-aktVari-akTable 10, AQM.pac
Control fl ow, fl ow,
Mi ni mum Airf50% 50 % Table 10, AQCM.pac
Cooling SystCRAH CRAH Per AQ@NMB&f 9.0
(2 wat(2 wat
cool eccool ec
screwi/screw
chill echill e
equal lleqguall
sized)si zed)
Cooling Systl5% 15% Mat ches ACM for ¢
Safety Facto in standard desi ¢
Cooling Syst3,923,3,923,=1quipmea'td (1+si
(Buj) hr safety factor)
Cooling Syst327 327 Conversion to tor
(tons)
Chi IFluét LoadO0O.625 0.625 Titl e 2PdhrAaldal,e
Efficiency ( 110. 2. D, path B,
di spl acement chil
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| nput ParameBasel iiProposNot es

Chi Pladmad ACM ACM Wat-Eopol ed Pos Di ¢
Efficiency CAppencAppencPath A, All Capac
5.7 5.7 Cap_f TempCrvRef

EIR_fTempCr vRef
EIR_fPLRCrvRef

Cooling Towe42.1 42 .1 Ti t |20 1294, Part 6,
Design (gpm/ G, axial open ci

E c on o nfiyzpeer Water Water |[Simulation case
EvaporEvapor
e Coolle Cool
Tower Tower

r

Ma x i mum OMettd 35 50 Basellidmbe:9( a) 1B
bulb Temper a Proposed: Proposce
EconomiAz) ng

Maxi mum ONMNettd 45 60 10F CHW-TDel t a
bul b Tempera

Par Eicaih o mifA)

Mi ni mum Vent|O 0 Removed for simpl
to Space (cf affect submeasur ¢
EnerCpoymmi ssi (Al | Al l N/ A

Cli mate Zone

2.3.1.4 Case 2c: Chilled Water CRAH Cooling with Air-Cooled Chiller: Dry Cooler
vs. Evaporative Cooling Tower Economizer

T System OMEOrlivi e Pasrttanédar dc hdddiegdn waodvoelt i CTRAH
system type and effitchikrasey i acee amsiegriopobedh ¢
proposed system operates at warmer air tempe
submea3ab2@escrtihbeeskey modeling assumptions
savings analysis.

T An I TE | oad of 10,000 kW was selected as rep
i mpl emenddmlgediahi |l l ers with integrated econ
feedback.

T Modeling SoftwanamaealAppoorkth sprea&sbestcstsi mal
4. 2.1 Energy Savings Methodology for more 1in

1T Descr i pEtnieang yo fSTalviisngnseasur e saves energy beca
air and return air tneumpbeerra toufr easn niunaclr eeacsoen ot nhie
which reduces the cooling |l oad on the compr e
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Tab2@Ener gy

Anal ysi s

Assumptions:

|l ncreased

Economi zers(ClCialslee@ Wat er wCRAH \E&ooenlrol nmi:gz iDm

Cool eEvaporative Cooling Tower)
|l nput Par Basel i ProposNotes
| Equi pimen 10, 000 |10, 000 Typical wvalue for
( kW) based on stakehol d
I T Equi pmDat aReDat aReACM AppeshHixad cyc
Schedule |[tacle tacle each month amoné@o 2
and %Il0®&ad factor.
Supply -Ai |60 70 Baselingegred®aCMting
bul b Temp supply and return
( AF) di fferential per S
Airflow table, 5.7
Proposed: Proposed
Return -Ai 80 90 BaselCGBEeGCom def aul
bul b Temp Proposed: Proposed
(AF)
Supply ani20 20 = (Return aiirs utpemp
Ai r -blurl yb temperatur e)
Temper at u
Di fferent
Supply Fa|058 058 140. 9( AW &«Bt,ahdr 20F
Efficienc delTi(gper Supply Fal
Airflow table, 5.7
Supply Fa/Vari-abVari-abTable 10, AQCM.page
Control fl ow, [fl ow,
Mi ni mum A50% 50 % Table 10, AQCM.page
Cooling S/CRAH CRAH N/ A
Type (@arcrool | (atcrool
screw screw
chillechille
wi t h equall
i ntegrsi zemdd
dry evapor
cool,ere cool
equal llt ower
sized)heat
e x cha)n
Cooling S 15% 15% Mat ches ACM for si
Sizing Sa standar d 2d &s.i29n
Factor
Cooling S39,23839,238=1 Bquipmead (1+siz
Capacitty h safety factor)
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|l nput Par Basel i ProposNotes
Cooling S/3,270 3,270 [Conversion to tons
Capacity
Chi Fueét LI125 108 Manuf actuatkmodatda g
Efficienc with (Baseline) an
(Proposed) integra
Chil dmdtroaRlManuf aDOE2. 2N/ A
Efficiencer dat
Cooling T N/A 42 (Xz1201M0 tl e 2ZabPerd@,l
Efficienc CzZz16) 'axi al open circuit
(gpm/ hp) 60 (ICZ
Cz15)
Cooling T N/A 19 W/ gASHRAE -D®1Wari abl e
Pump Ef f i
Econonfliyzpee Wat er Water Simulation case
Dry CoEvapor
e Cool
Tower
Maxi mum O|40r-y 5 OWe 4 Basellidmbe:9( a) 1B
Temperatu Bul b bul b Proposed: Proposed
FUE¢ onomi
(A)
Maxi mum O 45r-y 6 OWe 10F CHW-TDel t a
Temperatu Bul b bul b
Parti al
EconomifA)
Mi ni mum 0 0 Removedi mplhicity.
Ventil ati affect submeasure
Space (cf
Energy Al | Al N/ A
Commi ssi o
Climate Z
2. 3 Ehergy Savings Methodol ogy

2.3.2.1 Energy Savings Methodology per Prototypical Building/Simulation Case

Al t hough t
using
increased

CBEGCComecause

he

temper

Ener gy

atur e

alterations

Commi sssiomuli atdiic@atermeragyri
@BoEWCE€par eadsheett owxsalwcud dt e i

ener gy
threshiohsit ¢ @d

needed to correctly moGRECGQohdoeme asoatr esuli mpmRacl

support the requirements for modeilnsaitge d-theCBBC

Com mode$fsandard Design supply air temperatur
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t eprer ature of 8O0AF for all computer rooms regsé

containment or not. This results iIin an undere
unrealistically high r etonmrtrmdenrepdut empeoamsr es
Theref ame,uadn hourly spreadsheet analysis was
cooling enseragfy tshmivi ngubmeasure. The sgO0&8dshee

Nonresidential ACM dreeyf keirnepnuctes Maafnfueaclt i ng ener gy
descrifath2 &n

The Standard Detshgngee®mpetesseingf t hat the buil de
to build and Ber$epnf stfleaattl erffeesielgly boudgetendat i
mi ni ncaolmpyl | ah@ 1wt t e 2ddlgdd@amreqbFeameneés used in
St andar darbDieessicg)ni bed Nont dei 2A@MRBIIf &Ir Mac e a |

Mi ni mal 20,19 atrottmpéei a4 c e icroamMpwdeast h omenc hani cal
systsemnd efficiencies meeting 140.9(afupidescr
air economizing at dbWbtAdebart pt eampde abadt lade s opgeed
contwidlbhama system design powér onckd maredsofol 27 cW/o
capatthiys e@uad ed nm owi tshupapl2y0aid return air te
di fference, which is more efficient than the
CRACs/ CRAMu)pply air temperature ofof6080FAF.and

The Standard Design models were modified to ir
economi zers. Standard Design return air tempe
for computer rooms | ess than 175 kW, which do

acurately -ocnomtedi meodh computer room air conditi

The Proposed Design represents the same geome
assumes the energy features that thé&heoftware
Proposed Desi gn hweasStiadhamtridc éDle stiggnt i n all ways
revisions that represent t hlea b rporpeosseendt sc haan g e s
summary of key par amdat eamd twhatt werl et emo dviefriee us
Standard Design and Proposed Design.

To develop savings estimates for the proposed
Team created a Standard Desighesaingin Pcrape®sed D
Comparing the enhbheg$tampgdactdsDesign to the Pro
the i mpacts of the propodvedl dodg ¢thangesr eni af
compliant with the 2019 .Title 24, Part 6 requ
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Tab2&Modi fications Made to Standard Design in
Si mul ate Proposed Code Changkehr d snlcaled sfear Temp
Econom zubmeasur e

Simul ation ClimParameter N Stand Propo
Prototype | Zone Desi Desi
Par amepar ame

Val i Val

Case 1: DX Al Supply Air 1 60A 70A
Case 1: DX Al Return Air 1 75A 90A
Case 2: CHVAI I Supply Air 1 60 A 70A
Case 2: CHVAII Return Air 1 80A 90A

The Statewide CASEnkeagm caolncwimpttedn for every
measur ed +hno ukrisl opweart tyear (kWh/yr) amndietnher ms p
appdtihee 2022 time dependent valwuation (TDV) f a
in kilo British ther mal units per year (TDV k
reductions measured in kilowawese (&MWgo i d®dNVc eIn;
2023 present value dollars (2023 PV$) and nomi

The energy I mpacts oHande armypolsydclilciomdat e zone
CASE Tealmcutl lne eelner gye v emuplyaicntast e nzone and appl i
cl i nzaotnee speci ficedDValfackarisngehenergy and ene

Pewunit energy i mpacts for nonresidenti al buil
kil owatt of |I.T Amademeywtarddapeak demand i mpact
into i mpactgupeimela¥dibwi di ng byedthiephkertb ff drT

each simulated case. This step allows for an
di fferent building types and enables a cal cul
construction forecastoft hatoos @ubddiynebuindi @

2.3.2.2 Statewide Energy Savings Methodology

As described above, ther @epranarnt ed eirmgys avmprag:
| TE ISmayd.ngs do not vary siboridtirceaarREdyoag. bui l
Al t hough the per unit saviohgs$ypeéecalprdrucuwrdiatngd
savings apply to any building type.

Thpeunit energgréemprtt apowiadtee di nipoa csttsatuesi ng t h
Statewide Constrnhwhati amheF&Emecgyt <O@ami s6opbni pr o
Energy Commi ssion Buil diTrhge SStteaan cawi ds @fofnisd a urc
For ecasttismaweconstruction that witthabbecad22 n :
Title 24, Part 6 requirements are in effect.

buil di ngh Lt0®2Bk t hat t he Statewide CASE Team us

2Q2ZTitl e 2F) nBASHE ReipRdr2NRHV ACH|4 9



from rbguidldtielrhaet icoonnss.t ructi on forecast i s provi
and existing floorspace.

Because | Tkol oadt al busldhegdfiivover Bhoeacomput ¢
us,e he Statewi deoCASERBE et@omaduiolodi mmg efal bg assun
watper squail gEésbpraadf denlshiet y\ TE design | oad de
measure tispaeasrdi bed in Appendi x A.

AppenApirxesents additional i nformation about th
used to calculate statewide energy i mpacts.

2. 3.P®r Unit Energy I mpacts Resul ts

The -preirt energy savings do not account for nat
comphce IMatb@ &.hr olugh2 B hotwh e f i resutn eyhecarsgayWi ng s

and demand reduction ranges, which vary by cl
positive net energy savings in all climate zo

Becauseandemwel ti ply types of computer room COC¢
types he energy savings varies by mekdrani cal s
exampliematte zbhesmaswiBer e outbduddr tdermper atures
bet we6AF ando®&5AFRe gheat estenairrgye codnidmmegzs n g

zones with the most hbouurbs twehnepreer aotuutrdeoso ra rwee th et
50AF, show the greatest watfkirg@amamiogdszEmvyg ene
a comparison of the number of annual economiz
proposed 20c22mpTuitteiree c20doomempegaturePitbpesaddl ds
changesbulhb degonomi zi nlgulhlm uecso rmaadi awvietg hour s b

significant increa$erialécohomatrer zboess
Thissmeaswoe@hdtave a significant i mpact on dema
peak power demand, or | oad shifting.
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FigwBreComparison of 2019 Title 24-bahd propose:
economi zing hours.

Fi guwur eCmar i son of 201lppoposbkd 20 2n8erbduilthl e 24
ec o n o mi koiunr.gs
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